We have determined the complete sequence of the human growth hormone (hGH) gene and the position of the mature 5 1 end of the hGH mRNA within the sequence. Comparison of this sequence with that of a cloned hGH cENA shows that the gene is interrupted by four intervening sequences. SI mapping shows that one of these intervening sequences has two different 3' splice sites. These alternate splicing pathways generate bGH peptides of different sizes which are found in normal pituitaries. Comparison of sequences near the 5' end of the hGH mRNA with a similar region of the <x subunit of the human glycoprotein hormones reveals an unexpected region of homology between these otherwise unrelated peptide hormones.
size fractionated library of human placental DNA cloned in XwES, as decribed (5) , and subcloned into pBR322 for further analysis. DNA sequence determinations were by the method of Maxam and Gilbert (35) . Restriction fragments were end labelled using T4 polvnucleotide kinase (P-L Biochemicals) and y^T>-ATP after dephosphorylation with calf intestine alkaline phosphatase (Siqma). Assymmetricallv labelled fragments were generated by rediqestion with an appropriate second restriction enzyme and prepared by soaking out of gel slices after electrophoresis on thin polyacrylamide gels.
SI mappina was carried out according to the protocol of Weaver and Weissman (15) , Poly A RNA was prepared from individual human pituitaries obtained at autopsy, and was the gift of Robert Hallewell. Nuclease SI was obtained from Sigma.
RESULTS AND DISCUSSION
We have previously described the cloning of a 2.6 kb EcoRI fragment from human placental DNA which hybridizes to an hGH cDNA probe (5) . Partial DMA sequence results (R. Hallewell, personal communication) show that this fragment, designated here 2.6-1 does not encode hGH, although it might encode a peptide very closely related to hGH (>95% homology). It is not known whether this potential peptide corresponds to any of the minor variant hGH peptide variants found in the pituitary (6) . Several additional gencraic clones were isolated using analogous approaches. One with a restriction map similar to 2.6-1, designated 2.6-3, was studied further by sequence analvsis. The analysis of the other hGH related genes will be described elsewhere.
The strategy for sequence determination of 2.6-3 is indicated in figure 1. The hGH hybridizing 2.6 kb EcoRI fragment was subcloned into the plasmid EBR322 from the \ phage in which it was isolated, and the sequence of the region encoding hGH was determined by the Maxam and Gilbert technique (34) . The restriction endonuclease sites used are shown in figure 1 . Most of the sequence was determined on both strands and from more than one restriction site, and all sites used for end labelling were sequenced across, except the Bglll downstream of TVSD.
The sequence obtained is presented in Figure 2 . Conparison with the tvro independentlv derived cloned hGH cDNA sequences (4, 7) shows that 2.6-3 contains the entire hGH gene. However, there are tvro differences between the gene and the cDNA's in noncodinq regions (see fig. 2 ). The gene and one cDNA differ at one position in the 5 1 untranslated region. This difference is likelv to be due to a reverse transcriptase artifact in the cENA cloning, since such artifacts are relatively frequent at the end of reverse transcriptase copies of mRNA's and the 2.6-3 sequence is identical to the other cDNA sequence. Another difference between the gene and both cENA's in the 3 1 untranslated region presumably reflects allelic variation.
(The 2.6-3 fragment is not from the same individual as either of the cDNA clones.) INTERVENING SEQUENCES Comparison of the sequence of 2.6-3 with the sequences of the hG3 cDNA's shows that the hGH gene is interrupted by four intervening sequences (IVS) of 256 (A), 209 (B), 93 (C), and 253 (D) bases, rather than three as previously estimated from restriction analysis (5) . In agreement with the general rules deduced for such sequences, all the hGH intervening sequences could begin with GT and end with AG (8) . As diagramed in figure 3 , the 5 1 and 3 1 boundaries of all four are also partially complementary to a portion of the the Ul BNA sequence, AGAQQGaCGGuCCAUaCA, which has been proposed to be a guide for the proper removal of intervening sequences from nuclear precursors (9, 10) . The rat growth hormone (rGH) gene also has four intervening sequences Several examples of alternate splicing patterns for the removal of intervening sequences from a single nuclear mFNA precursor are known. For instance, changes in the splicing of the mouse immunoglobulin heavy chain precursor result in the synthesis of IgM molecules with different biological activities (12, 13) . The EMA sequence of the K M gene was therefore searched for other potential splice sites. We constructed arbitrary canonical splice sites by combining the consensus sequences (9, 10, 14) derived for splice sites with the sequence homologous to the appropriate segment of Ul FNA. 5 1 sites were defined as sequences with three or fewer mismatches from AGGTAAGT, not including mismatches with the highly conserved, underlined GT. 3' sites were defined as sequences with six or fewer mismatches from TOTTCTOOCTNCAGG, not including mismatches with the conserved, underlined AG and with no AG dinucleotide less than fourteen bases upstream from the conserved AG (14) . All of the correct splice sites as well as one additional 5' site and thirteen additional 3* sites were found by this search. SI mapping was used to locate regions of non-homology between the cloned hGH cDNA and total pituitary mFNA which would result from alternative solicinq of a nuclear precursor. A cDNA probe fragment was prepared which was end-labelled at the Rsal site between IVS C and IVS D and which extended to the 5 1 untranslated region, covering slightlv more than 50% of the mFNA. An excess of this probe fragment was hybridized to polv A + pituitarv HNA under the conditions of Weaver and Weissman (15) , and the resultant mFNA-DNA hybrids were diqested with the single strand specific nuclease SI. As shown in Figure 4 cal to the cDNA. The smaller protected fragment present at 10-20% of the level of the full length fragment must result from a divergent mRNA. This fragment is slightly smaller than a marker fragment prepared by digestion of the probe fragment with PstI (lane C). This locates the point of divergence from the cDNA precisely at a potential 3 1 splice site which happens to contain the PstI recognition site CTGCAG (see Fig 3) 45 nucleotides downstream from the 3 1 end of IVS B. (Such a protected fragment would be shorter than the marker fragment because the PstI cleavage site is five nucleotides upstream from the expected splice site.) An internally deleted hGH reptide with fifteen missing amino acids comprises 10% of the <3i in normal pituitaries (16) . Since the deleted amino acids correspond precisely to the sequence from the 3' end of IVS B to this alternative splice site, we conclude that it is likely that in normal pituitaries IVS B has two alternative 3 1 sites. However, it is also possible that the deleted peptide is the product of another hGH gene virtually identical to the seauenced 2.6-3 gene. Sane evidence has been obtained which suggests that the smaller hGH peptide has somewhat different biological activities from the major hGH (16) , but the physiological significance of this is not clear. This difference in activities may reflect division of hGH into functional domains defined by the positions of the intervening sequences, as is the case in the mouse immunoglobulin heavy chain genes (17) , and perhaps the S-type globins (18) .
One functional domain in secreted proteins such as hGH is the presequence or signal peptide, which is required during the process of secretion. IVS A is located within the hGH presequence, partially separating this reqion from the remainder of the gene. It is striking that all of the genes encodinq secreted proteins sequenced to date, including hGH, human (19) and rat (20, 21) insulin; the os-subunit of the human glycoproteln hormones (22) , mouse immunoglobulins (23), and chicken ovalbumin (24, 25) and conalbumin (26) , have an intervening sequence within or just preceding the oresequence. (Ovalbumin, which does not have a presequence, has an intervening sequence 18 nucleotides from the translational start). Of the several non-viral, non-secreted genes studied so far, only mouse dihydrofolate reductase (27) and yeast actin (28, 29) also have a similarly placed intervening sequence. The hypothesis that intervening sequences serve in evolution to allow combinations of functional domains (31) suggests that such intervening sequences may separate a functional domain contained within the 5' end of the mFNA from the body of the coding region. Such an mSNA domain could serve to direct the message for secretary proteins to the appropriate membrane bound ribosomes, for example. It is perhaps interesting in this respect that there is an area of striking homology (19 of 26 bases identical) in the 5 1 untranslated reqions of the messaqes for hGH and the otherwise unrelated oc subunit of the human glycoprotein hormones. This homologv is shown in Figure 5 . Alternatively, these common 5" intervening seouences could serve to separate the structural gene from the promoter. This might allow greater flexibility in regulation of expression and cerhaps more rapid evolution of these two functional domains.
hGH iriKNA 5' END fhe position of the 5 1 end of the mature hGH mlSlA within the sequence was determined directly using the SI nuclease mapping technique. Poly A Avail site in the 5' untranslated region to an EooRI site approximately 400 base pairs upstream. The length of the DNA fragments protected by the RNA from nuclease digestion was determined precisely by comparison with a partial DNA sequence ladder generated from the end labelled probe fragment (Fig. 6 ) . The length of the protected fragments was dependent on the temperature of the SI digestion, increasing in length by one nucleotlde as the temperature dropped from 30°C to 17°C. Presumably this is due to steric hindrance by the iriHNA cap. The protected fragments were also heterogeneous in size at all temperatures varying bv approximately four bases. It is not known whether this is also a result of interference by the mPNA cap or whether it reflects some heterogeneity of 5 1 ends. The position determined for the 5 1 end(s) is indicated by vertical arrows in Figure 2 . The position of the 5' end determined by SI mapping agrees precisely with that estimated by reverse transcriptase extension of a specific end labelled probe (7).
5' FTANKING REGION
A sequence related to TATAAAA is found approximately 25 base pairs upstream from the start of transcription in nearly all genes transcribed by RNA polymerase II (31) . That sequence is found upstream of the estimated start of the hGH mRNA (boxed in Figure 2 ). The related sequence CATAAAT is also found 54 nucleotides upstream. It is not known whether under certain conditions there may also be a secondary transcription start near this sequence but the SI mapping shows that the level of such initiations must be less than 10% of the primary starts in adult pituitaries. In either case, translation should start at the first AUG of the transcript, which is the start expected from the amino acid sequence of hGH.
It has been pointed out that some eukaryotic promoters have a sequence Several eukaryotic promoters, such as those of human insulin and mouse oc-qlobin, have regions of dyad symmetry upstream of the transcriptional start (19, 32) . Such structures in procaryotic promoters are often binding sites for regulatory proteins. A large imperfect palindrome, found upstream of the M S transcriptional start is indicated by horizontal arrows in Fiqure 2.
3' END
Comparison of the sequence of the hGH qene with the cloned M H cDNA shows that the M M rnRNA ends at one of the two positions indicated by vert-ical arrows in Figure 2 , depending on whether or not the A in the gene sequence is a part of the post transcriptionally added poly A tail. As previously noted for the hGH cDNA clone, the highly conserved mRNA sequence AAUAAA (33) is found upstream of that position. Another conserved sequence similar to TITICACTCJC is present in some but not all genes at or just downstream of the 3 1 end of the transcipt (32) . The related sequence is found in hGH just downstream of the 3' end. Although the functional role, if any, of these two conserved sequences is not known, their location at the end of the gene suggests involvement in poly A addition and/or transcription termination.
SUMMARY
We have determined the DNA sequence of the human growth hormone gene. Comparison of the gene sequence to the published cDNA sequence shows that the qene is interrupted by four intervening sequences. Searching the gene sequence for additional splice sites using a combination of published consensus sequences and homology to rat Ul RNA reveals a number of potential alternative splicing sites. Splicing at one alternative 3' site located 45 base pairs downstream from the normal 3 1 site of intervening sequence B is likelv to qenerate the mRNA for one smaller hGH peptide found at low levels in normal pituitaries. The position of the 5' end of the mature mRNA was located using SI mapping. The signal sequence TATAAA, thought to be involved in initiation of transcription (29) , is found approximately 25 base pairs upstream from the 5' end of the mature mRNA. Conserved sequences are also found in the gene near the sequence where poly A is added to the mRNA. Surprisingly, there is a region of homology in the 5 1 untranslated reqions of the mRNA's of nGH and the otherwise unrelated oc subunit of the human glycoprotein hormones.
